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Abstract of EP1 136698 

A thermal energy is converted into a mechanical 
energy by a thermal converter (21) including a 
phase change material whose phase changes 
between solid and liquid by a temperature 
change, so that good thermal conductivity can be 
secured within a normal operating temperature 
range since the phase change material of the 
thermal converter (21) does not become a gas 
and sufficient mechanical energy can be obtained 
in decreasing an ambient temperature, thereby 
enhancing conversion efficiency thereof. Further, 
since an inside of a case (22) is not required to 
be at a high pressure, the case (22) can be easily 
manufactured and a compressing means such as 
a strong spring is not required, thus reducing a 
size of whole device (1). 
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(57) A thermal energy is converted into a mechani- 
cal energy by a thermal converter (21) including a phase 
change material whose phase changes between solid 
and liquid by a temperature change, so that good ther- 
mal conductivity can be secured within a norma) oper- 
ating temperature range since the phase change mate- 
rial of the thermal converter (2 1 ) does not become a gas 



and sufficient mechanical energy can be obtained in de- 
creasing an ambient temperature, thereby enhancing 
conversion efficiency thereof. Further, since an inside of 
a case (22) is not required to be at a high pressure, the 
case (22) can be easily manufactured and a compress- 
ing means such as a strong spring is not required, thus 
reducing a size of whole device (1). 
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Description 

[0001] The present invention relates to a temperature 
difference drive unit for acquiring mechanical energy us- 
ing temperature difference in natural environment to 
generate drive force or electrical power by the mechan- 
ical energy, and an electric device, a timepiece and a 
light electrical appliance having the same. 
[0002] Conventionally, mechanical timepieces such 
as wristwatch and pocket watch driven by mechanical 
energy accumulated in main spring are widely in use. 
Some mechanical timepieces are a manual-winding 
type for winding up the main spring by hand. 
[0003] Since the manual-winding type mechanical 
timepiece stops when the mechanical energy accumu- 
lated in the main spring is completely released, periodic 
winding operation for winding the main spring is re- 
quired. 

[0004] Further, once the manual-winding mechanical 
timepiece is stopped, since the stopped timepiece does 
not show accurate time, the main spring has to be 
wound and the timepiece has to be calibrated, thus 
causing much trouble in handling. 
[0005] Accordingly self-winding watch having a rotat- 
able oscillating weight for automatically winding the 
main spring has been used. 

[0006] Since the main spring of the self-winding watch 
is automatically wound by a user's hand movement, the 
mechanical energy is always accumulated in the main 
spring only by attaching the watch to user's hand, so 
that the self-winding watch keeps moving without stop- 
ping. 

[0007] However, such self-winding watch also stops 
when being detached from the user's hand, since the 
mechanical energy stored in the main spring is com- 
pletely released. 

[0008] Accordingly, a table clock that obtains drive en- 
ergy using temperature change in natural environment 
and is moved by the obtained drive energy has been 
used. 

[0009] For instance, a table clock "ATMOS" of Jaeger 
Lecoultre Co., Ltd. obtains drive energy by the temper- 
ature change in natural environment using expansion 
force of a material. Specifically, a phase change material 
of which phase changes between gas and liquid in a 
room temperature is accommodated in an expandable 
container, so that the main spring is wound up using the 
volume change of the phase change material caused by 
temperature change, thereby driving the clock by the 
mechanical energy accumulated in the main spring. 
[0010] The phase change material is a material 
whose phase changes between gas and liquid such as 
ammonia, carbon dioxide, alcohol and methyl chloride. 
[0011] Since the main spring of the clock can accu- 
mulate mechanical energy capable of continuously driv- 
ing the clock for approximately seventy-two hours, the 
mechanical energy can always be kept in the main 
spring under the presence of the temperature change 



in an ordinary environment and the clock does not stop, 
thus allowing semipermanent movement thereof. 
[0012] Since an electronic device such as electronic 
timepiece with high accuracy using a quartz oscillator 

5 cannot be driven by the above arrangement where the 
drive energy is obtained by the temperature change, an- 
other arrangement is known where a power generator 
is driven by the drive energy obtained by the tempera- 
ture change (Japanese Patent Laid-Open Publication 

10 No. Hei 10-14265, Japanese Patent Laid-Open Publi- 
cation No. Hei 6-341371). 

[001 3] In the above, a phase change material of which 
phase changes between gas and liquid in a room tem- 
perature is accommodated in an expandable container 

is as in the aforesaid table clock, where a volume change 
of the phase change material by the temperature 
change is converted into a rotary drive force by a rack, 
so that the power generator is actuated by the rotary 
drive force. A prime mover such as a motor is driven by 

20 the electric power generated by the power generator to 
obtain the drive force. 

[0014] In order to convert the volume change of the 
phase change material into the rotary drive force by the 
rack, the rack is fixed when the temperature continues 

25 to rise or lower. When the temperature change is shifted 
from one of continuous increase and decrease to the 
other, the fixed rack is released to expand or contract 
the phase change material at a stretch, thereby improv- 
ing efficiency of converting electric power. 

30 [0015] By installing wave correction function into the 
clock, the indication accuracy of time can be maintained. 
[001 6] In the above device using the phase change of 
gas and liquid, when the phase change material chang- 
es to gas, thermal conductivity of the phase change ma- 

35 terial is significantly lowered, thus deteriorating respon- 
sivity against change in ambient temperature, so that 
time from decrease in ambient temperature to volume 
reduction of the phase change material can be delayed. 
Accordingly the phase change material does not gen- 

40 erate a mechanical energy in accordance with temper- 
ature difference, thus deteriorating conversion efficien- 
cy. 

[0017] Further, since mixing different types of the 
phase change materials of whose phase change be- 

45 tween gas and liquid results in chemical reaction, the 
phase change temperature cannot be adjusted by mix- 
ing the different types of the phase change material. 
Therefore, the phase change material is contained in a 
container having variable volume, where the pressure 

so applied to the phase change material is adjusted by con- 
tracting the volume of the container to raise the pressure 
thereinside in order to set the boiling point (phase 
change temperature) of the phase change material at a 
desired temperature. 

55 [0018] Accordingly, the aforesaid device requires high 
air tightness of the container containing the phase 
change material for avoiding leakage of the high-pres- 
sure air to the outside as well as variable volume, thus 
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making production of the container difficult. 
[001 9] Further, since the above container contains the 
phase change material to be a gas, a substantial amount 
of volume is required and a compressing means such 
as a strong spring for compressing the container is re- 
quired in order to maintain the high pressure inside the 
container, so that size reduction of the whole device is 
difficult. 

[0020] Since the phase change material has promi- 
nently large expansion rate in changing the phase there- 
of between the gas and the liquid, large pressure is 
caused when the phase change material is evaporated 
to saturated vapor, thus largely fluctuating the pressure. 
Further, since a high internal pressure is always applied 
to the container, mechanical fatigue is likely to be 
caused to the container, so that a container having suf- 
ficient durability is difficult to be manufactured, thus fur- 
ther making the production of the container difficult. 
[0021] Since a rigid and heavy container is used for 
securing the durability, the size and weight of the device 
is increased, so that the size and weight reduction of the 
whole device is difficult. 

[0022] In the power generator described in the afore- 
said publications, since the fixed rack is released to in- 
termittently generate power when the temperature 
change is shifted from one of increase and decrease to 
the other, the power generator is actuated many times 
when the temperature increase and decrease are re- 
peated again and again within a short period of time. 
[0023] Since the power cannot be efficiently generat- 
ed until the power generator reaches a predetermined 
number of revolution in actuating the power generator, 
the drive energy is lost when the power generator is ac- 
tuated many times within a short period of time, thus un- 
able to sufficiently improve electric power conversion ef- 
ficiency. 

[0024] Further, since number of revolution of a rotor 
provided to the power generator is increased and de- 
creased so that the voltage applied to the load of the 
power generator becomes constant in the aforesaid de- 
vice using the temperature difference, the rotor cannot 
be always rotated at a number of revolution with the best 
power-generating efficiency. Therefore, the power-gen- 
erating efficiency cannot be so improved 'and, since the 
available energy relative to the inputted thermal energy 
is decreased, energy utilization efficiency is likely to be 
deteriorated. 

[0025] Since the first conversion for converting the 
thermal energy by the temperature difference into the 
mechanical energy, the second conversion from the me- 
chanical energy obtained in the first conversion into the 
electric energy, and the third conversion from the elec- 
tric energy obtained in the second conversion into the 
mechanical energy are sequentially conducted, where 
a part of energy is lost in the respective total three con- 
versions before obtaining the final mechanical energy, 
so that the available energy relative to the inputted ther- 
mal energy is reduced, thus deteriorating energy utiliza- 



tion efficiency. 

[0026] Further, since the energy utilization efficiency 
is inferior, the electric power required for wave correc- 
tion function is difficult to obtain, so that the wave cor- 

5 rection function Is difficult to be installed. 

[0027] An object of the present invention is to provide 
a temperature difference drive unit having improved 
electric power conversion efficiency, capable of being 
produced easily and capable of reducing size thereof, 

10 and a electric device, a timepiece and a light electrical 
appliance having the same. 

[0028] According to an aspect of the present inven- 
tion, a temperature difference drive unit has: a power 
generator driven by a mechanical energy to generate 

15 an electric power; and a mechanical energy generator 
for generating the mechanical energy supplied to the 
power generator, the mechanical energy generator hav- 
ing a thermal converter including a phase change ma- 
terial whose phase changes from one of solid and liquid 

20 to the other to change a volume thereof. 

[0029] In the present aspect of the invention, the 
phase change material of the thermal converter does 
not become a gas having extremely small thermal con- 
ductivity even after the phase change. 

25 [0030] For instance, the air, ammonia and nitrogen di- 
oxide have thermal conductivity of 0.024, 0.022 and 
0.0145 W/(nrK) respectively. On the other hand, water 
and paraffin as a liquid and solid have thermal conduc- 
tivity of 0.561 and 0.24 W/(m*K). Accordingly, the ther- 

30 mal conductivity of the material does not become ex- 
tremely small unless the phase change material is gas- 
ified. 

[0031 ] Accordingly, since superior thermal conductiv- 
ity of the thermal converter can be secured within an 

35 ordinary operating temperature range and superior re- 
sponsivity against change in ambient temperature can 
be obtained, the volume rapidly changes in accordance 
with temperature fluctuation, so that sufficient mechan- 
ical energy can be obtained in decreasing the ambient 

40 temperature, thereby improving conversion efficiency. 
[0032] Further, many of the phase change materials 
whose phase change between solid and liquid do not 
chemically react even when different type of materials 
are mixed. Accordingly, the phase change temperature 

4S of the thermal converter can be adjusted by mixing the 
different phase change material, so that the inside of the 
container is not necessary to be at high pressure. 
[0033] Therefore, since high air tightness is not re- 
quired for the container for containing the thermal con- 

so verter thereinside, the container can be manufactured 
easily. Further, since the inside of the container is not 
necessary to be at high pressure, a compressing means 
such as a strong spring is not required , thus reducing 
the size of the whole device. 

55 [0034] In the above temperature difference drive unit, 
the thermal converter may preferably be a mixture of a 
plurality of the phase change materials whose temper- 
ature for causing phase change differ, a mixture ratio of 
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the phase change materials being adjusted so that op- 
erating characteristics in accordance with using envi- 
ronment can be obtained. 

[0035] By using the thermal converter of a mixture of 
a plurality of phase change material, the thermal con- 
verter can be arranged most suitably for temperature 
fluctuation range and fluctuation speed under the using 
environment of the temperature drive, thus improving 
conversion efficiency. 

[0036] In the above-described temperature difference 
drive unit, an additive for adjusting a phase change tem- 
perature and/or temperature characteristics of the 
phase change material may preferably be mixed in the 
thermal converter. 

[0037] Accordingly, even without highly accurate 
measurement of the respective phase change material 
in mixing the plurality of phase change material, the 
phase change temperature and temperature character- 
istics of the phase change material can be adjusted by 
adding the additive, so that the thermal converter most 
suitable for using environment can be securely obtained 
by adding the additive as necessary while checking the 
characteristics of the thermal converter after mixing the 
phase change materials, 

[0038] In the above temperature difference drive unit, 
the phase change material may preferably be wax. 
[0039] Various wax such as paraffin wax, micro wax 
and petrolatum may be used. 
[0040] Since the wax does not chemically react even 
when different types are mixed, the phase change tem- 
perature of the thermal converter can be easily arranged 
by mixing various type of phase change material having 
different phase change initiation temperature. 
[0041 ] Since the above-described wax has an appro- 
priate lubricity and flexibility, the container containing 
the thermal converter is not likely to be damaged. Fur- 
ther, since the wax does not chemically react with the 
material of the container, both the wax itself and the con- 
tainer are not modified. 

[0042] The phase change material of the thermal con- 
verter may preferably be n-paraffin of carbon number 
from 1 9 to 70. The thermal converter may be composed 
of a simple substance of a n-paraffin and a mixture of a 
plurality of n-paraffin. 

[0043] By using the thermal converter composed of a 
mixture of more than one n-paraffin, the characteristics 
of the phase change temperature can be easily adjusted 
by mixing phase change material with different carbon 
number. Further, an additive such as fatty acid like lauric 
acid, stearic acid, oleic acid and decanoic acid, salt of 
fatty acid like calcium fatty acid, and alcohol like glycerin 
can be mixed to adjust the phase change initiation tem- 
perature range. Furthermore, the volume change 
amount relative to a temperature change can be linearly 
set within the temperature range. 
[0044] In the above-described temperature difference 
drive unit, the mechanical energy generator may have 
a case containing the thermal converter thereinside, the 



container having an advanceable and retractable drive 
member driven by a volume change of the thermal con- 
verter. 

[0045] Accordingly, even when the thermal converter 
5 is contained in the inside of the container, the drive force 
generated by the volume change of the thermal convert- 
er can be taken to the outside through the drive member 
advanceable and retractable in accordance with volume 
change amount of the thermal converter, so that the 
10 power generator can be rotated by connecting a rack 
etc. to the drive member. 

[0046] In the above temperature difference drive unit, 
in order to transfer the mechanical energy to the power 
generator, a gear train combining a plurality of gear 

15 wheels to transfer a drive force by the mechanical en- 
ergy may preferably be provided. 
[0047] Since the thermal converter generates a large 
drive force as compared to small volume change in 
changing the phase thereof from one of solid and liquid 

20 to the other, the drive force of the thermal converter can 
be accelerated by the gear train by transferring the drive 
energy to the power generator through the gear train, to 
provide a rotary drive force capable of efficiently gener- 
ating power. 

25 [0048] At this time, the gear train may preferably be 
set at a speed-increasing ratio for driving the power gen- 
erator at a number of revolution with a good power-gen- 
erating efficiency. 

[0049] By increasing speed by the gear train to be a 
so number of revolution with efficient conversion, even 
when the volume change of the thermal converter is 
slow, appropriate speed of the rotary drive force can be 
transferred to the power generator, so that the volume 
change of the thermal converter can be always efficient- 
's iy converted into electric power, thus enhancing efficien- 
cy of the power generator. 

[0050] The temperature difference drive unit may 
preferably have a mechanical energy accumulator for 
accumulating the mechanical energy generated by the 

40 mechanical energy generator. 

[0051] Since the drive energy generated by the vol- 
ume change of the thermal converter is accumulated in 
the mechanical energy accumulator, the power genera- 
tor can be continuously driven with the mechanical en- 

45 ergy accumulator as a buffer, even when the tempera- 
ture increase and decrease are repeated within a short 
period of time so that the drive energy intermittently gen- 
erates the drive energy. 

[0052] Accordingly, the loss of drive energy caused 
so by repeated actuation of the power generator within a 
short period of time can be avoided, thus sufficiently im- 
proving electric power conversion efficiency. 
[0053] In the above temperature difference drive unit, 
the electric power generated by the power generator 
55 may preferably be supplied to the outside, the temper- 
ature difference drive unit being a power-generating 
unit. 

[0054] By arranging the temperature difference drive 



4 



7 



EP 1 136 698 A1 



8 



unit as a power-generating unit, the temperature differ- 
ence drive unit can be used as a power supply of various 
timepiece and light electrical appliance, so that the time- 
piece and the light electrical appliance can be driven by 
the electric power obtained by the temperature change 
in natural environment. 

[0055] The temperature difference drive unit may fur- 
ther have an elastic body as a mechanical energy ac- 
cumulator for accumulating the mechanical energy gen- 
erated by the mechanical energy generator, the elastic 
body being elastically deformed by a volume change of 
the thermal converter of the mechanical energy gener- 
ator, and an elastic body controller for keeping a dis- 
placement of the elastic body caused by the mechanical 
energy generator until the displacement of the elastic 
body reaches a predetermined value, and for releasing 
the displacement of the elastic body when the displace- 
ment of the elastic body exceeds the predetermined val- 
ue. 

[0056] By thus intermittently taking out the drive en- 
ergy from the mechanical energy accumulator, the pow- 
er generator can be continuously operated with a great 
drive energy by accumulating a small drive energy gen- 
erated by the volume change of the thermal converter 
within the mechanical energy accumulator, so that a 
power generator generating higher voltage and greater 
electric power than a conventional one can be used. 
[0057] The temperature difference drive unit may 
have an elastic body as a mechanical energy accumu- 
lator for accumulating the mechanical energy generated 
by the mechanical energy generator, the elastic body 
being elastically deformed by a volume change of the 
thermal converter of the mechanical energy generator, 
and an elastic body release for keeping a displacement 
of the elastic body caused by the mechanical energy 
generator, and for manually releasing the displacement 
of the elastic body. 

[0058] By providing the elastic body release, the elas- 
tic body can be quickly released as necessary to gen- 
erate electric power, the handling of the temperature dif- 
ference drive unit can be improved. Further, since the 
manually operated elastic body release has simple 
structure, the structure of the temperature difference 
drive unit is not so complicated and the size of the tem- 
perature difference drive unit is not so increased. 
[0059] The electric power generated by the power 
generator of the temperature difference drive unit may 
preferably be supplied to a timepiece for measuring time 
or a light electrical appliance driven at a low electric pow- 
er. 

[0060] Accordingly, since the thermal converter in- 
cluding the phase change material whose phase chang- 
es from one of solid and liquid to the other is used, su- 
perior conversion efficiency can be obtained. Further, 
the container for containing the thermal converter may 
be light and small, so that the weight and size of the 
timepiece and light electrical appliance having the tem- 
perature difference drive unit is not so increased, thus 



keeping substantially the same weight and size of the 
conventional arrangement. 

[0061] Another object of the present invention is to 
provide a temperature difference drive unit capable of 

s efficiently utilizing the thermal energy by the tempera- 
ture change and an electric device having the same. 
[0062] According to another aspect of the present in- 
vention, a temperature difference drive unit has: a me- 
chanical energy converter for converting a thermal en- 

io ergy obtained by change in ambient temperature into a 
mechanical energy; 

a mechanical energy accumulator for accumulat- 
ing the mechanical energy outputted by the mechanical 
energy converter; a rotor rotated by the mechanical en- 

15 ergy; a power generator for generating an electric power 
by a rotary drive of the rotor; a transfer unit for transfer- 
ring a drive force by the mechanical energy to the power 
generator; and a controller operated by the electric pow- 
er from the power generator, the controller controlling a 

20 number of revolution of the rotor of the power generator 
to a predetermined number of revolution. 
[0063] In the above aspect of the present invention, 
since the mechanical energy accumulator works as a 
buffer even when the amount of the mechanical energy 

25 generated by the mechanical energy converter, the 
number of revolution of the rotor of the power generator 
does not greatly fluctuate. 

[0064] By setting the number of revolution with the 
highest conversion efficiency in arranging the number 

30 of revolution of the rotor of the power generator in the 
controller, the power generator can exert the best con- 
version efficiency, thus utilizing the thermal energy with 
superior energy utilization efficiency. 
[0065] The mechanical energy may preferably have a 

35 thermal converter whose volume or form changes in ac- 
cordance with temperature change to generate me- 
chanical energy by the change. 
[0066] The thermal converter may either be a phase 
change material whose volume changes in accordance 

40 with the phase change caused by the temperature 
change or a form change material whose form changes 
by the temperature change. 

[0067] For instance, the phase change material may 
be those causing phase change between gas and liquid 

45 and between liquid and solid. 

[0068] The phase change material whose phase 
changes between gas and liquid may be ammonia, car- 
bon dioxide and ethylene chloride. The phase change 
material whose phase changes between liquid and solid 

so may be wax. 

[0069] On the other hand, the form change material 
may be bimetal and shape memory alloy. 
[0070] In order to enhance the efficiency of the tem- 
perature difference drive unit, a phase change material 

55 that does not change into a gas with extremely small 
thermal conductivity even after the phase change, i.e. 
the phase change material whose phase changes be- 
tween liquid and solid, may preferably be used. 
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[0071 ] For instance, the air, ammonia and nitrogen di- 
oxide have thermal conductivity of 0.024, 0.022 and 
0.0145 W7(m-K) respectively. On the other hand, water 
and paraffin as a liquid and solid have thermal conduc- 
tivity of 0.561 and 0.24 W/(m K). Accordingly, the ther- 
mal conductivity of the material does not become ex- 
tremely small unless the phase change material is gas- 
ified. 

[0072] Accordingly, since superior thermal conductiv- 
ity of the thermal converter can be secured within an 
ordinary operating temperature range and superior re- 
sponsivity against change in ambient temperature can 
be obtained, the volume rapidly changes in accordance 
with temperature fluctuation, so that sufficient mechan- 
ical energy can be obtained in decreasing the ambient 
temperature, thereby improving conversion efficiency. 
[0073] Further, since mixing different types of the 
phase change materials of whose phase change be- 
tween gas and liquid results in chemical reaction, the 
container for containing the phase change material is 
set at a high pressure and the pressure is adjusted to 
adjust the phase change temperature. Accordingly, the 
size of the container for containing the phase change 
material is increased. 

[0074] On the other hand, many of the phase change 
materials whose phase change between solid and liquid 
do not chemically react even when different type of ma- 
terials are mixed. Accordingly, the phase change tem- 
perature of the thermal converter can be adjusted by 
mixing the different phase change material, so that the 
inside of the container is not necessary to be at high 
pressure. 

[0075] Therefore, since high air tightness is not re- 
quired for the container for containing the thermal con- 
verter thereinside, the container can be manufactured 
easily. Further, since the inside of the container is not 
necessary to be at high pressure, a compressing means 
such as a strong spring is not required , thus reducing 
the size of the whole device. 

[0076] The phase change material may be wax, spe- 
cifically various wax such as paraffin wax, micro wax 
and petrolatum. 

[0077] Since the wax does not chemically react even 
when different types are mixed, the phase change tem- 
perature of the thermal convertercan be easily arranged 
by mixing various type of phase change material having 
different phase change initiation temperature. 
[0078] Since the above-described wax has an appro- 
priate lubricity and flexibility, the container containing 
the thermal converter is not likely to be damaged, Fur- 
ther, since the wax does not chemically react with the 
material of the container, both the wax itself and the con- 
tainer are not modified. 

[0079] The phase change material of the thermal con- 
verter may preferably be n-paraffin of carbon number 
from 19 to 70. The thermal converter may be composed 
of a simple substance of a n-paraffin and a mixture of a 
plurality of n-paraffin. 



[0080] By using the thermal converter composed of a 
mixture of more than one n-paraffin, the characteristics 
of the phase change temperature can be easily adjusted 
by mixing phase change material with different carbon 

5 number. Further, an additive such as fatty acid like lauric 
acid, stearic acid, oleic acid and decanotc acid, salt of 
fatty acid like calcium fatty acid, and alcohol like glycerin 
can be mixed to adjust the phase change initiation tem- 
perature range. Furthermore, the volume change 

10 amount relative to a temperature change can be linearly 
set within the temperature range. 
[0081] In the above temperature difference drive unit, 
the mechanical energy accumulator may preferably 
have an elastic body elastically deformed by the me- 

J5 chanical energy. 

[0082] By accumulating the mechanical energy to the 
elastic body, the structure of the mechanical energy ac- 
cumulator can be simplified and size thereof can be re- 
duced, thus reducing weight and size of the temperature 

20 difference drive unit. 

[0083] In the temperature drive, the number of revo- 
lution may preferably be controlled to the predetermined 
number of revolution by adjusting an electric current 
flowing to the controller to brake the rotor by an electric 

25 magnetic brake. 

[0084] By braking the rotor with the electric magnetic 
brake generated by adjusting the electric current flowing 
to the power generator, energy consumption can be re- 
duced for the braking unlike mechanical brake of the ro- 

30 tor, thus minimizing the energy required for controlling 
the number of revolution of the rotor, so that the thermal 
energy can be utilized with a superior energy utilization 
efficiency. 

[0085] In the above, the transfer unit may preferably 
35 be a gear train combining a plurality of gear wheels, at 
least one of the gear wheel of the gear train being pro- 
vided with an index for indicating time. 
[0086] By using the temperature difference drive unit 
as a timepiece, semi-permanently driven timepiece 
40 without supplying energy from the outside can be 
achieved. 

[0087] In the timepiece, the index represents time, 
where the gear wheel provided with the index may pref- 
erably have a position detector for detecting rotation an- 

45 guiar position thereof, and where a time corrector for re- 
ceiving a standard time wave superposing a time infor- 
mation and for correcting the rotation angular position 
of the index to correct the time represented by the index 
may preferably be provided. 

so [0088] Accordingly, no time correction is required, so 
that little maintenance work is necessary, thus material- 
izing a clock suitably installed on a place difficult for 
maintenance work such as a high clock tower and a 
street corner with much traffic. 

55 [0089] The temperature difference drive unit of the 
present invention can be applied to various electric de- 
vice such as, for instance, an electrically controlled me- 
chanical clock. Specifically, by providing a time display 
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rotatably driven by the mechanical energy together with 
the power generator, a number of revolution of the con- 
troller being adjusted by the controller, highly accurate 
time indication can be obtained by the quartz oscillator 
and the battery is not required for driving thereof, the 
consumption of battery as a cause of environmental pol- 
lution can be reduced. 

[0090] Embodiments of the present invention wifl now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a general illustration showing an arrange- 
ment of a f irst embodiment of the present invention; 
Figs. 2(A) to 2(D) are graphs showing characteris- 
tics of a thermal converter of the first embodiment; 
Fig. 3 is a general illustration showing an arrange- 
ment of a second embodiment of the present inven- 
tion; 

Fig. 4 is an enlarged cross section showing a pri- 
mary portion of the second embodiment; 
Fig. 5 is a general illustration showing an arrange- 
ment of a third embodiment of the present invention; 
Fig, 6 is a general illustration showing an arrange- 
ment of a fourth embodiment of the present inven- 
tion; 

Fig. 7 is an enlarged cross section showing a pri- 
mary portion of the fourth embodiment; 
Figs. 8(A) and 8(B) are plan view showing a main 
spring as an elastic body of the fourth embodiment; 
Fig. 9 is a general illustration showing an arrange- 
ment of a fifth embodiment of the present invention; 
Fig. 1 0 is a cross section showing a primary portion 
of the sixth embodiment of the present invention; 
Fig. 11 is a general illustration showing an arrange- 
ment of a seventh embodiment of the present in- 
vention; 

Fig. 1 2 is a general illustration for explaining move- 
ment of a primary portion of the seventh embodi- 
ment; 

Fig. 13 is a block diagram showing an overall ar- 
rangement including electric circuits of the seventh 
embodiment; 

Fig. 14 is a general perspective view showing a 
modification of the present invention; and 
Fig. 1 5 is a general side view showing another mod- 
ification of the present invention. 

[0091] An embodiment of the present invention will be 
described below with reference to attached drawings. 

[First Embodiment] 

[0092] Fig. 1 shows a temperature difference drive 
unit 1 according to first embodiment of the present in- 
vention. 

[0093] The temperature difference drive unit 1 is a 
power generating device for supplying electric power to 
the outside, which includes a power generator 10 as a 



power generating means driven by a mechanical energy 
for generating electric power, and a thermoelement 20 
as a mechanical energy generating means for generat- 
ing mechanical energy supplied to the power generator 

5 10. 

[0094] A barrel gear 30 having a main spring 31 for 
accumulating the mechanical energy generated by the 
thermoelement 20, and a gear train 40 as a combination 
of a plurality of gear wheels 42 to 44 for transferring the 

10 drive force by the mechanical energy while accelerating 
speed thereof are provided between the power genera- 
tor 10 and the thermoelement 20. 
[0095] The temperature difference drive unit 1 has an 
elastic body controller 50 for maintaining displacement 

is of the main spring 31 until the displacement of the main 
spring 31 elastically deformed by the function of the ther- 
moelement 20 reaches a predetermined amount and for 
releasing the displacement of the main spring 31 when 
the displacement of the main spring 31 exceeds a pre- 

20 determined amount, and a elastic body release 60 for 
manually releasing the displacement of the main spring 
31. 

[0096] The thermoelement 20 has a thermal convert- 
er 21 contained in the case 22, the thermal converter 21 

25 including a phase change material whose phase chang- 
es from one of solid and liquid to the other in accordance 
with change in ambient temperature so that volume 
thereof changes in accordance with the phase change. 
[0097] The case 22 is a bottomed cylindrical sealed 

30 container having sufficient rigidity, which has a flexible 
lid 23 for closing an opening of the case 22. The lid 23 
is a strong membrane with improved sealability includ- 
ing silicone or Teflon rubber. 

[0098] A cylindrical cover 24 is fitted to an opening 
35 end of the case 22. The lid 23 is held between the cover 

24 and the case 22, so that the lid 23 seals the inside of 
the case 22. 

[0099] A rod 25 as a drive member to be driven by the 
volume change of the thermal converter 21 is connected 
40 to the lid 23. A cylindrical guide 24A for guiding the rod 

25 is provided to the cover 24. Accordingly, a distal end 
of the rod 25 is advanceable and retractable relative to 
an end of the guide 24A in accordance with volume 
change of the thermal converter 21 . 

45 [0100] A bottomed cylindrical slide 26 is slidably pro- 
vided on an outer side of the cover 24 along a movement 
direction of the rod 25. A flange 26A projecting radially 
outwardly is provided on a peripheral end of an opening 
of the slide 26. The flange 26A engages to an end of the 

so coil spring 27. The other end of the coil spring 27 en- 
gages to a stop 27A of which position is fixed relative to 
the case 22. 

[0101] A rack 28 having a sawtooth teeth is pivotably 
provided on an end of the cover 24. The tooth of the rack 
55 28 engages to a tooth of a ratchet wheel 32 of the barrel 
gear 30. A tension spring 29 for biasing the rack 28 so 
that the tooth of the rack 28 and the tooth of the ratchet 
wheel 32 of the barrel gear 30 mesh with each other in 
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advancing the rod 25 is connected to an end of the rack 
28. 

[01 02] The tension spring 29 has a predetermined bi- 
asing force for allowing retraction of the rack 28 in re- 
tracting the rod 25. Accordingly, the rack 28 retracts in 
retracting the rod 25, so that the mesh between the tooth 
of the rack 28 and the tooth of the ratchet wheel 32 are 
released. 

[0103] Accordingly, when the thermoelement 21 'ex- 
pands, the end of the rod 25 advances against the bi- 
asing force of the coil spring 27, thus transferring the 
drive force by the volume change of the thermal con- 
verter 21 to the barrel gear 30. On the other hand, when 
the thermal converter 21 contracts, the end of the rod 
25 retracts on account of the biasing force of the coil 
spring 27 without rotating the ratchet wheel 32. 
[0104] The phase change material included in the 
thermal converter 21 is wax. Specifically, n-parafffn of 
carbon number from 1 9 to 70 is used. 
[0105] The thermal converter 21 is a compound of a 
plurality of n-paraffin having different carbon number 
and phase change initiation temperature, where mixing 
ratio thereof is adjusted so that operating characteristics 
in accordance with the using environment thereof can 
be obtained. 

[0106] In the thermal converter 21, additive having 
melting point different from n-paraffin such as fatty acid 
like lauric acid, stearic acid, oleic acid and decanoic ac- 
id, salt of fatty acid tike calcium fatty acid, and alcohol 
like glycerin is mixed in an appropriate amount. 
[0107] When the thermal converter 21 without the ad- 
ditive is used, the extension of the rod 25 is small at a 
low-temperature solid range and high-temperature liq- 
uid range as shown in Fig 2(A). Though sufficient exten- 
sion can be obtained at intermediate solid/liquid coex- 
isting range, since the extension lacks linearity, handling 
thereof is not so good. 

[0108] Accordingly, lauric acid (melting point 45°C), 
stearic acid (melting point 55°C), calcium fatty acid 
(melting point 65°C) and glycerin (melting point 20°C) 
are mixed therein at an appropriate proportion, thus ob- 
taining thermal converter 21 having linearity of temper- 
ature-extension on, for instance, an entire operating 
temperature range (-10-+40°C) as shown in Fig. 2(B). 
[0109] Incidentally, by changing mixing ratio of lauric 
acid, stearic acid, calcium fatty acid and glycerin into the 
thermal converter 21 as necessary, a thermal converter 
21 having relatively narrow operable temperature range 
but large extension relative to temperature change as 
shown in Fig. 2(C) and another thermal converter 21 
hardly moving the rod against the temperature change 
at an intermediate range of the operable temperature as 
shown in Fig. 2(D) can be obtained. 
[0110] Products of NTC Industrial Co., Ltd. (product 
number R013) can be used as the thermoelement 20. 
[011 1] Back to Fig. 1 , the barrel gear 30 is a mechan- 
ical energy accumulator for accumulating the mechani- 
cal energy generated by the thermoelement 20, the bar- 



rel gear having the main spring as an elastic body to be 
elastically deformed by the volume change of the ther- 
mal converter 21 of the thermoelement 20. 
[0112] Specifically, the barrel gear 30 is a first wheel 

5 and pinion provided on an outer circumference of a cy- 
lindrical-box barrel 30A for accommodating the main 
spring 31 , the teeth of the barrel gear 30 meshing with 
teeth provided to a second pinion of a second wheel and 
pinion. The main spring 31 accommodated inside the 

10 barrel 30A is wound in spiral whose end engages to an 
inner circumference 30A of the barrel 30A. 
[0113] The ratchet wheel 32 provided on the barrel 
gear 30 has sawtooth teeth in accordance with the rack 
28 of the thermoelement 20, which engages to an inner 

is end of the main spring 31 wound in spiral through a bar- 
rel center (not shown). A plate-spring recoil detent 33 
engages to the ratchet wheel 32 so that the coiled main 
spring 31 is not uncoiled. 

[0114] A control wheel and pinion 34 to be engaged 
20 to the elastic body controller 50 is provided to the barrel 
30A coaxially with the barrel gear 30. Incidentally, the 
control wheel and pinion 34 has a diameter smaller than 
the barrel gear 30. 

[0115] The gear train 40 transfers the rotary drive 
25 force of the barrel gear 30 to a rotor 11 of the power 
generator 10 while increasing the speed by three gear 
wheels, i.e. a second wheel and pinion 42, a third wheel 
and pinion 43, and a sweep second wheel and pinion 
44. A speed-increasing ratio for rotating the rotor 11 of 

30 the power generator 10 at a frequency with sufficient 
power generating efficiency is set to the gear train 40. 
[0116] The power generator 10 is formed in a C- 
shape, and has a rotor 11 rotatably provided at a gap of 
a stator 1 3 with a coil 1 2 being wound at an intermediate 

35 portion thereof. A rectifier 1 0A composed of diodes and 
smoothing capacitor is connected to both ends of the 
coil 12 of the power generator 10. 
[01 17] The rotor 1 1 of the power generator 1 0 is a disk 
composed of a permanent magnet having a pair of N 

40 and S poles. A gear wheel 15 having a pinion 14 en- 
gaged to the sweep second wheel and pinion 44 is in- 
tegrated to the rotor 11 at a coaxial position. The teeth 
of the gear wheel 15 engages to a pawl 51 A formed at 
a distal end of the brake 51 provided to the elastic body 

45 controller 50. 

[0118] The number of revolution of the rotor 11, di- 
mension of the gap between the rotor 1 1 and the stator 
1 3, material of the permanent magnet forming the rotor 
1 1 , size and winding number of the coil 1 2 are appropri- 

50 ately set so that the voltage, electric current and electric 
power required for the load electrically connected to the 
power generator 1 0 can be efficiently outputted from the 
power generator 10. 

[0119] Incidentally, the alternating voltage outputted 
55 by the coil 12 of the power generator 10 is preferably 
three to five times as large as a direct voltage outputted 
from the rectifier 10A. 

[0120] A pair of notch 13A is formed mutually oppo- 
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sitely at an inner circumference of the stator 13 facing 
the rotor 1 1 . The notch 13A is adjusted to reduce a cog- 
ging torque of the rotor 11. 

[01 21 ] The elastic body controller 50 has a cam 52 for 
pressing a brake 51 to release braking of the rotor 11, 
and two gear wheels 53 and 54 for transferring the ro- 
tation of the barrel gear 30 to the cam 52. Specifically, 
the rotation of the control wheel and pinion 34 provided 
to the barrel 30A is slowed down by the gear wheels 53 
and 54 before being transferred to the cam 52. 
[0122] For instance, when the displacement of the 
main spring 31 is arranged to reach the predetermined 
amount when the barrel gear 30 is rotated six times by 
virtue of the thermoelement 20, speed decreasing ratio 
of the gear wheels 53 and 54 is set so that the cam 52 
rotates once for every six rotations of the barrel gear 30. 
[0123] Accordingly, the brake 51 stops the rotation of 
the rotor 11 until the barrel gear 30 rotates six times, 
thus maintaining the displacement of the main spring 31 . 
On the other hand, when the barrel gear 30 is rotated 
six times, the cam 52 presses the brake 51 to rotate the 
rotor 11, thus releasing the displacement of the main 
spring 31 , so that the power generator 1 0 starts gener- 
ating power by the drive energy accumulated by the 
main spring 31. 

[01 24] When the barrel gear 30 is rotated to a position 
for the drive energy to be completely released, the cam 
52 rotates to a position to release the press toward the 
brake 51. Accordingly, when the main spring 31 com- 
pletely releases the drive energy, the distal end of the 
brake 51 returns to the initial position thereof, so that 
the brake 51 again stops the rotor 11, thus starting ac- 
cumulating operation of the drive energy to the main 
spring 31. 

[0125] The elastic body release 60 has a small-sized 
cam 61 to be rotated for releasing engagement of the 
gear wheel 15 of the rotor 11 with the brake 51 , and a 
lever 62 for manually rotating the small-sized cam 61. 
When the lever 62 is manually operated, the small-sized 
cam 61 releases the brake of the rotor 11, so that the 
power generator 10 starts power generating movement 
by the drive energy stored by the main spring 31 . 
[0126] On the other hand, when the lever 62 is re- 
turned to the initial position thereof, the distal end of the 
brake 51 returns to the initial position thereof, so that 
the brake 51 again stops the rotor 11 , thus starting drive 
energy accumulation to the main spring 31 . 
[0127] According to the above-described embodi- 
ment, following effects can be obtained. 
[0128] Since the thermal converter 21 whose phase 
changes from one of solid and liquid to the other is used 
in generating the mechanical energy from the ambient 
temperature difference, the thermal converter 21 does 
not change to gas having prominently small thermal 
conductivity even after the phase change. 
[0129] Accordingly, good thermal conductivity can be 
maintained within a normal operating temperature 
range, so that the thermoelement 20 having good re- 



sponsivity against the change in ambient temperature 
can be obtained. Since the rod 25 rapidly retracts when 
the ambient temperature is decreased and the rod 25 
rapidly advances when the temperature rise again, the 
5 mechanical energy can be securely obtained by the 
temperature difference, thus improving conversion effi- 
ciency. 

[0130] The n-paraffin that does not chemically react 
with each other even when a plurality of type having dif- 
10 ferent phase change temperature is mixed is used as 
the phase change material, and the phase change tem- 
perature can be adjusted by mixing different type of 
phase change material, no high pressure is required in- 
side the case. 22. 
75 [0131] Accordingly, since the case 22 for accommo- 
dating the phase change material thereinside does not 
necessarily have high air tightness, the case 22 can be 
easily manufactured. Further, since the inside of the 
case 22 is not necessarily at high pressure, compress- 
ed ing means such as strong spring is not required, thus 
reducing the whole size of the temperature difference 
drive unit 1 . 

[0132] Further, since the thermal converter 21 whose 
phase changes from one of solid and liquid to the other 

25 does not have so large expansion rate as compared to 
the phase change material changing from liquid to gas, 
and since no great internal pressure remains inside the 
case 22 after completely exerting the drive energy, me- 
chanical fatigue is not likely to be generated to the con- 

30 tainer containing the thermal converter 21 and the lid 
23, thus improving durability. 
[0133] Further, even when the case 22 and the lid 23 
are provided with high durability, the size and weight of 
the case 22 can be reduced, thus reducing weight and 

3S size of the whole temperature difference drive unit 1 . 
[0134] Since the thermal converter 21 is a mixture of 
a plurality of n-paraffin having different carbon number 
and phase change Initiation temperature and the mixing 
ratio thereof is adjusted so that a operating characteris- 

40 tics in accordance with using environment can be ob- 
tained, the thermal converter 21 most suitably set in ac- 
cordance with fluctuation range and speed of the tem- 
perature of the using environment of the temperature 
difference drive unit 1 can be obtained, thus also im- 

45 proving conversion efficiency. 

[0135] Since an additive for adjusting the phase 
change temperature and temperature characteristic of 
n-paraffin is mixed into the thermal converter 21, the 
phase temperature and temperature characteristics of 

50 the phase change material can be adjusted with high 
accuracy even without accurately measuring the re- 
spective phase change materials in mixing the plurality 
of phase change materials. Further, the additive can be 
added while checking characteristics of the thermal con- 

55 verter 21 after mixing the phase change material, the 
most suitable thermal converter for the using environ- 
ment can be obtained. 

[01 36] Since the volume of the phase change material 
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can be linearly changed in accordance with temperature 
within the operating temperature range by adding the 
additive, regular drive energy in accordance with tem- 
perature difference can be generated by using within the 
operating temperature range. 
[0137] Since the n-paraffin as a wax having appropri- 
ate lubricity and flexibility is used as the phase change 
material, the thermal converter 21 is not likely to damage 
the case 22 even after repeated expansion and contrac- 
tion of the thermal converter 21 . Further, since the ther- 
mal converter 21 does not chemically react with the ma- 
terial of the case 22, both the thermal converter and the 
case 22 are not chemically modified. 
[01 38] Since the gear train 40 f o r transferring the drive 
force of the thermoelement 20 while increasing speed 
thereof is provided between the thermoelement 20 and 
the power generator 10 so that a rotary drive force ca- 
pable of generating power by the power generator 10 
can be obtained even with small volume change of the 
thermal converter 21 r the drive energy of the thermoe- 
lement 20 can be directly transferred to the power gen- 
erator 1 0 by operating the elastic body release 60 to ac- 
tuate the power generator 1 0, and the electric power can 
be efficiently generated by the power generator 1 0. 
[0139] Since the barrel gear 30 has the main spring 
31 for accumulating the mechanical energy generated 
by the thermoelement 20 so that the drive energy by the 
volume change of the thermal converter 21 is accumu- 
lated in the barrel gear 30, even when the thermoele- 
ment 20 intermittently generates the drive energy after 
repeated increase and decrease in temperature within 
a short time period, the power generator 10 can be con- 
tinuously driven by virtue of the main spring 31 as a buff- 
er. 

[0140] Accordingly, the loss of drive energy caused 
by repeated actuation of the power generator 10 within 
a short period of time can be avoided, thus sufficiently 
improving electric power conversion efficiency. 
[0141] Since the rod 25 driven by the volume change 
of the thermal converter 21 is advanceably provided, the 
volume change amount of the thermal converter 21 can 
be taken to the outside without complicating the struc- 
ture of the thermoelement 20. Further, since the rack 28 
is connected to the rod 25 and the rack 28 is engaged 
with the barrel gear 30 and the gear train 40, the drive 
energy can be easily transferred to the power generator 
10. 

[0142] Since the elastic body controller 50 for main- 
taining the displacement of the main spring 31 until the 
displacement of the main spring 31 reaches a predeter- 
mined value and for releasing the displacement of the 
main spring 31 when the displacement of the main 
spring 31 exceeds the predetermined vaiue is provided 
so that the drive energy is acquired in a mass from the 
barrel gear 30 having the main spring 31 . the small drive 
energy caused by the minute volume change of the ther- 
mal converter 21 can be accumulated to be magnified 
in the main spring 31 , thus continuously driving the pow- 



er generator 10 with a great drive energy. Accordingly, 
a power generator 10 driven at higher voltage than a 
conventional one can be used to generate greater pow- 
er, thus achieving greater output of the power generator 
5 10. 

[0143] Since the elastic body release 60 for maintain- 
ing the displacement of the main spring 31 accumulating 
the mechanical energy by the elastic deformation there- 
of and for releasing the displacement of the main spring 

J0 31 by a manual operation is provided, the main spring 
31 can be quickly released to generate electric power 
as necessary, thus improving operability of the temper- 
ature difference drive unit 1 . Further, since the structure 
of the elastic body release 60 operated by manual op- 

is eration can be simplified, the structure of the tempera- 
ture difference drive unit 1 is not so complicated or size 
of the temperature difference drive unit 1 is not so in- 
creased. 

20 [Second Embodiment] 

[0144] Fig. 3 shows the second embodiment of the 
present invention. Though the drive energy is obtained 
from the thermal converter 21 only in increasing thetem- 
25 perature in the above-described first embodiment, the 
drive energy can be acquired also in decreasing the 
temperature as well as increasing the temperature in the 
present embodiment. 

[0145] Specifically, the temperature difference drive 

30 unit 1 A has two thermoelements 20. A rack 28A of the 
thermoelement 20 is fixed orthogonally with an end sur- 
face of the slide 26. A tooth of the rack 28 is a laterally 
symmetrical ordinary tooth of approximately triangle. 
[0146] A ratchet mechanism 70 for transferring only 

35 unidirectional drive force is provided between the ther- 
moelement 20 and the ratchet wheel 32. On account of 
the ratchet mechanism 70, only a drive force for advanc- 
ing the rack 28A is transferred to the barrel gear 30 in 
the thermoelement 20A shown at the lower left in the 

40 figure, and only a drive force for retracting the rack 28A 
is transferred to the barrel gear 30 in the thermoelement 
20B shown in upper right in the figure. 
[0147] As shown in Fig. 4, the ratchet mechanism 70 
has a gear wheel 71 meshing with the rack 28A and a 

45 gear wheel 72 meshing with the ratchet wheel 32. 
[01 48] The gear wheels 71 and 72 are biased to move 
toward each other by a spring 73, which are connected 
by one-way clutches 74A and 74B having mutually 
meshing sawtooth teeth. 

so [0149] When a drive force generated by the thermoe- 
lement 20 in a direction to be transmitted is transferred 
to the gear wheel 71, the teeth of the one-way clutch 
74A and 74B mesh with each other, so that the drive 
force is transferred to the ratchet wheel 32 through the 

55 gear wheel 72. 

[0150] On the other hand, when a drive force gener- 
ated by the thermoelement 20 in a direction not to be 
transmitted is transferred to the gearwheel 71 , the gear 
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wheel 71 retracts against the biasing force of the spring 
73 by the slanted sawtooth teeth of the one-way clutch- 
es 74A and 74B, so that the meshing between the one- 
way clutches 74A and 74B is released, thus not trans- 
ferring the drive force to the ratchet wheel 32. 
[0151] The same functions and effects as the first em- 
bodiment can be obtained in the second embodiment. 
Further, since the main spring can be wound by both 
drive forces in expanding and contracting the thermal 
converter 21 of the thermoelement 20, the drive energy 
can be acquired not only in increasing temperature but 
in decreasing temperature, so that the main spring 31 
can be wound at a shorter period of time- 

[Third Embodiment] 

[0152] Fig. 5 shows the third embodiment of the 
present invention. In the present embodiment, the two 
thermoelements 20 having the same operating temper- 
ature range in the second embodiment are substituted 
by two thermoelements 20C and 20D having different 
operating temperature ranges. 
[0153] Specifically, the two thermoelements 20 en- 
gage with the ratchet wheel 32 through the ratchet 
mechanism 70, thus transferring only the drive force for 
advancing the rack 28A to the barrel gear 30. 
[0154] In the thermoelements 20, the thermoelement 
20D shown in upper right in the figure is operated at a 
higher temperature than the thermoelement 20C shown 
in lower left in the figure. 

[0155] The operating temperature range of the ther- 
moelement 20C is -10 - +15°C and the operating tem- 
perature range of the thermoelement 20D is +15~ 
+40°C. 

[0156] The same functions and effects can be ob- 
tained in the third embodiment Additionally, since the 
thermoelements 20C and 20 D having different operat- 
ing temperature range are provided, the operating tem- 
perature range of the temperature difference drive unit 
1 B can be shared by the two thermoelements 20C and 
20D, so that the operating temperature range of these 
thermoelements 20C and 20D can be narrowed, thus 
reducing the size of the thermoelements 20C and 20D, 
and, the temperature difference drive unit 1B. 

[Fourth Embodiment] 

[0157] Figs. 6 and 7 show the fourth embodiment of 
the present invention. Fig. 6 is a top plan view showing 
the fourth embodiment and the Fig. 7 is a cross section 
taken along a line including a central axis of the barrel 
gear shown 'in Fig. 6. In the fourth embodiment, a ther- 
moelement 20E for generating a torque as a drive force 
is used instead of the thermoelements 20 for generating 
linear drive force in the first to the third embodiments. 
[01 58] Specifically, the thermoelement 20E has a sec- 
tor case 22A rotatable coaxially with the barrel gear 30. 
The case 22A has two radially extending planes. An 



opening 22B is provided adjacent to outer end of the 
one of the planes. The opening 22B is shut by an ex- 
pandable bellows 23A, thus sealing the case 22A. 
[0159] An inside of the bellows 23A is in communica- 

s tion with the case 22A, the bellows 23A extending in cir- 
cumferential direction of the case 22A by the expansion 
of the thermal converter 21 filled in the case 22A and 
contracts by the contraction of the thermal converter 21 . 
[0160] An end of the bellows 23A engages with a stop 

10 27B fixed relative to a shaft 25A rotatably supporting the 
case 22A. 

[0161] An outer peripheral end of the other plane of 
the case 22A engages with one end of the coil spring 
27. The other end of the coil spring 27 engages with a 

is stop 27A fixed relative to the shaft 25A. 

[0162] When the thermal converter 21 expands, the 
thermoelement 20E generates a torque in clockwise di- 
rection in Fig. 6 by expansion of the bellows 23A against 
the biasing force of the coil spring 27. On the other hand, 

20 when the thermal converter 21 contracts, the bellows 
23A contracts to generate a torque in counterclockwise 
direction in Fig. 6 by the biasing force of the coil spring 
27. 

[01 63] The thermoelement 20E and the barrel gear 30 
25 mutually engage through the ratchet mechanism 80, so 
that only unidirectional torque generated by the ther- 
moelement 20E is transferred to the barrel gear 30. 
[0164] As shown in Fig. 7, the ratchet mechanism 80 
has one-way clutches 74A and 74B respectively provid- 
30 ed on an end surface of barrel center 35 for supporting 
the barrel gear 30 and an end surface of a shaft 25A for 
supporting the thermoelement 20E. 
[0165] The one-way clutches 74A and 74B have mu- 
tually meshing sawtooth teeth, which are biased into 
35 mutual contact by the biasing force of the spring 73 pro- 
vided on an end of the shaft 25A of the themoelement 
20E. 

[0166] Incidentally, the spring 73 biases not only the 
shaft 25A but also the thermoelement 20E toward the 

40 barrel gear 30. 

[01 67] When the clockwise torque to be transferred is 
generated by the thermoelement 20E, the teeth of the 
one-way dutches 74A and 74B mutually mesh, thus 
transferring the torque to the barrel center 35. 

45 [01 68] On the other hand, when the counterclockwise 
torque not to be transferred is generated by the ther- 
moelement 20E, the shaft 25A retracts against the bi- 
asing force of the spring 73 by the slanted sawtooth 
teeth of the one-way clutches 74A and 74B, so that the 

so meshing between the one-way clutches 74A and 74B is 
released, thus not transferring the torque to the barrel 
center 35. 

[0169] The main spring 31 A accommodated inside 
the barrel 30A is a band-shaped metal having a frictional 
55 engagement portion 36 at an end thereof as shown in 
Fig. 8(A). As shown in Fig. 8(B), the main spring 31 A is 
accommodated In the barrel 30A while being wound 
from an end opposite to the frictional engagement por- 
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tion 36, so that the Irictional engagement portion 36 en- 
gages with an inner side of the barrel 30A. 
[0170] When the main spring 31 A can still be wound, 
the frictional engagement portion 36 securely engages 
with the barrel 30A by a frictional force against the inner 
surface of the barrel 30A, Accordingly, the main spring 
31 A can be securely wound by the thermoelement 20E 
until the main spring 31 A is completely wound. 
[0171] On the other hand, when the main spring 31 A 
cannot be further wound and a great torque is applied 
to the main spring 31 A, the frictional force between the 
frictional engagement portion 36 and the inner side of 
the barrel 30A yields to the torque, so that the frictional 
engagement portion slides on an inner circumference of 
the barrel 30A. Accordingly, when the main spring 31 A 
is completely wound, great torque is not applied to the 
main spring 31 A, thus avoiding damage of the main 
spring in advance. 

[01 72] The same functions and effects as the first em- 
bodiment can be obtained in the fourth embodiment. 
Further, since the sector thermoelement 20E capable of 
arranging coaxially with the barrel gear 30 is used to en- 
able compact accommodation and the torque is ac- 
quired from the thermoelement 20E without changing 
the size of the thermoelement 20E even in volume 
change of the phase change material, the size of the 
temperature difference drive unit can be further re- 
duced . 

[Fifth Embodiment] 

[0173] Fig. 9 shows the fifth embodiment of the 
present invention. In the fifth embodiment the temper- 
ature drive 1 described in the first embodiment is used 
as a power supply of a wristwatch 2 as a timepiece for 
measuring time and for displaying the measured time. 
[0174] Specifically, the wristwatch 2 has the temper- 
ature difference drive unit 1, a charging portion 81 for 
storing the electric power generated by the temperature 
difference drive unit 1, and a clock portion 82 for dis- 
playing the present time. Incidentally, the elastic body 
release portion 60 is omitted in the temperature differ- 
ence drive unit of the fifth embodiment. 
[0175] The charging portion 81 has a power accumu- 
lator 83 composed of a capacitor for storing the electric 
power, and a charge control circuit 84 for controlling 
electric current flowing through the power accumulator 
83 in charging the power accumulator 83 by the electric 
power from the temperature difference drive unit 1 . 
[01 76] The charge control circuit 84 has a rectifier (not 
shown) tor rectifying the alternating current generated 
by the power generator 10 and an overcharge-avoiding 
circuit (not shown) for preventing the flow of the electric 
current into the power accumulator 83 when the power 
accumulator 83 is completely charged. 
[0177] The clock portion 82 has a time display 85 for 
displaying the time by indexes 85A to 85C driven by a 
pulse motor (not shown) and a clock drive circuit 86 for 



applying a pulse voltage of a predetermined period. 
[0178] The time display 85 displays the time by a time 
hand 85A, a minute hand 85B, second hand 85C and a 
dial 85D. 

5 [0179] The clock drive circuit 86 has an oscillating cir- 
cuit for oscillating at an always-stable frequency by a 
quartz oscillator (not shown), the oscillating circuit gen- 
erating a reference signal to drive the pulse motor of the 
time display 85. 

10 [0180] The same functions and effects as the first em- 
bodiment can be obtained in the fifth embodiment. Fur- 
ther, though being a quartz-type wristwatch, no battery 
change is required and the wristwatch can be semiper- 
manently driven by the temperature difference after be- 

is ing detached from arm. 

[Sixth Embodiment] 

[0181] Fig. 10 shows a sixth embodiment of the 
20 present invention. In the present embodiment, the ther- 
moelement 20 of the first embodiment having a rod 25 
directly driven by the thermal converter 21 is substituted 
by a thermoelement 20F having a rod 91 indirectly driv- 
en by the thermal converter 21 through a semifluid 90. 
25 [0182] Specifically, the rod 91 of the thermoelement 
20F is not connected to the lid 23, but is reciprocatable 
by being guided by the guide 24A provided to the cover 
24. The guide 24A has a smaller diameter than the case 
22. 

oo [0183] The semifluid 90 is filled in the space defined 
by the cover 24 and the lid 23. Accordingly, when the 
thermal converter 21 expands, the lid 23 expands to- 
ward the semifluid 90 to advance the rod 91 through the 
semifluid 90. On the other hand, when the thermal con- 

35 verter 21 contracts, the lid 23 retracts to the case 22 t so 
that the rod 91 retracts through the semifluid 90. 
[0184] In the present arrangement, since the inner di- 
ameter of the guide 24A is smaller than the inner diam- 
eter of the case 22, the displacement of the lid 23 is mag- 

40 nified before being transmitted to the rod 91 . According- 
ly, in the thermoelement 20F, a displacement greater 
than the thermoelement 20 can be obtained with the 
same temperature difference. 
[0185] Incidentally, an O-ring 93 to be in close contact 

45 with the inner circumference of the guide 24A is at- 
tached adjacent to an end of the rod 91 on the lid 23 
side in order to prevent the semifluid from flowing to the 
outside. 

[0186] The same f unctio ns and effects as th e first em- 
50 bodiment can be obtained in the sixth embodiment. Fur- 
ther, since a greater displacement with the same tem- 
perature difference can be applied to the rod 91, the 
speed increasing ratio of the gear train 40 can be re- 
duced, thus further reducing the size of the temperature 
55 difference drive unit 1 by reducing the size of or partially 
omitting the gear wheel. 
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[Seventh Embodiment] 

[0187] Fig. 11 shows the seventh embodiment of the 
present invention. In the present embodiment, the tem- 
perature difference drive unit 1 as the power supply in 
the fifth embodiment is substituted by a temperature dif- 
ference drive unit 100 integrated with a timepiece for 
measuring the time. 

[0188] Specifically, the temperature difference drive 
unit 100 is a clock having a gear train 40 including gear 
wheels 142 to 145, the gearwheels 142 and 144 being 
connected with indexes 147 and 148. 
[0189] The temperature difference drive unit 100 has 
a drive speed controller 150 for controlling a rotary 
speed of the power generator 1 0, more specifically, the 
rotor 11 of the power generator 10 to a predetermined 
rotary speed. 

[0190] A rack 1 28 having sawtooth teeth on both sides 
thereof is pivotabty provided on an end of the slide 26 
provided to the thermoelement 20. The rack 128 ad- 
vances and retracts in accordance with the advance- 
ment and retraction of the rod 25. 
[0191] On both sides of the rack 128, the ratchet 
wheel 32 and a gear wheel 1 34 respectively having saw- 
tooth teeth are provided sandwiching the rack 128. The 
ratchet wheel 32 is fixed to a barrel center (not shown) 
of the barrel gear 30 to be directly connected to the main 
spring 31 . 

[0192] An ordinary gear wheel 135 is integrated co- 
axially with gear wheel 134. The gearwheel 135 engag- 
es with a gear wheel 137 fixed to the barrel center 
through a gearwheel 136. Accordingly, the gearwheel 
134 is indirectly connected with the main spring 31 . 
[01 93] When the rack 1 28 advances, as shown in Fig. 
12(a), a tooth 128A provided on one side is pushed by 
the tooth of the ratchet wheel 32 so that the other tooth 
128B meshes with the tooth of the gear wheel 134. 
When the rack 128 retracts, as shown in Fig. 12(b), the 
tooth 1 28B is pushed by the tooth of the gear wheel 1 34 
so that the tooth 128A meshes with the tooth of the 
ratchet wheel 32. 

[0194] When the thermal converter 21 expands to 
generate a drive force for advancing the rack 128, the 
drive force rotates the gear wheel 1 37 through the gear 
wheel 1 34, 1 35 and 1 36 to wind the main spring 31 . 
[0195] On the other hand, when the thermal converter 
21 contracts to generate the drive force for retracting the 
rack 128, the drive force winds the main spring 31 by 
directly rotating the ratchet wheel 32. Accordingly, the 
main spring 31 is wound by both of the expansion and 
contraction of the thermal converter 21 . 
[0196] Back to Fig. 11, the gear train 40 transfers the 
rotary drive force of the barrel gear 30 by the second 
wheel and pinion 142 and a fifth wheel and pinion 145 
while increasing speed thereof. A speed-increasing ra- 
tio for rotating the rotor 11 of the power generator 1 0 at 
a frequency with good power-generating efficiency is set 
to the gearwheels 142 and 145. 



[0197] The second wheel and pinion 1 42 also engag- 
es to the third wheel and pinion 143. The third wheel 
and pinion 143 engages with the sweep second wheel 
and pinion 144 which is coaxial with the second wheel 

5 and pinion 1 42 and independently rotated by the second 
wheel and pinion 142, Accordingly, the rotary drive force 
of the second wheel and pinion 142 is transferred to the 
sweep second wheel and pinion 144 while increasing 
speed thereof. The second wheel and pinion 142 has 

to an hour hand position detector 146 (not shown) and an 
hour hand 147. The sweep second wheel and pinion 1 44 
has a minute hand position detector 148 (not shown) 
and a minute hand 149. 

[0198] The hour hand position detector 146 has an 
is angular position detecting scale composed of multiple 
magnetic thin films on the surface of the sweep second 
wheel and pinion 144 and a magnet sensor opposing 
the angular position detecting scale, the angular posi- 
tion detecting scale and the magnet sensor detecting a 
20 rotary angular position of the hour hand 147. 

[0199] The time display includes the hour hand 147, 
the minute hand 149 and a dial representing numerals 
showing time (not shown). 

[0200] The hour hand position detector 146 and the 
25 minute hand position detector 1 48 are position detectors 
respectively for detecting rotary angular position of the 
hour hand 147 and the minute hand 149, the position 
detectors sending the position signal to the drive speed 
controller 150. 

30 [0201 ] The power generator 1 0 has a stator 1 3 formed 
in an approximate circle having a coil 12 wound at an 
intermediate portion thereof, and a rotatable rotor 11 
composed of a permanent magnet provided in the gap 
of the stator 13. 

35 [0202] The number of revolution of the rotor 11, di- 
mension of the gap between the rotor 11 and the stator 
13, the material of the permanent magnet forming the 
rotor 1 1 , the thickness and coiling number of the winding 
of the coil 1 2 are appropriately arranged so that the pow- 

40 er generator 10 can efficiently generate electric power. 
[0203] The drive speed controller 150 has a rectifier 
114 composed of diodes and a smoothing capacitor, a 
rotation adjuster 115 for adjusting the electric current 
flowing to the coil 12, and a rotation control circuit 116 

45 foroutputting an operation signal in accordance with the 
number of revolution of the rotor 11 of the power gener- 
ator 10 to the rotation adjuster 115. Incidentally, the rec- 
tifier 114 and the rotation adjuster 115 are connected on 
both ends of the coil 12 of the power generator 10 in 

so parallel. The alternating electric power obtained by the 
power generator 10 is converted into a direct electric 
power by the rectifier 114 to be supplied to the rotation 
control circuit 116. 

[0204] As shown in Fig. 13, the rotation adjuster 116 
55 has a rotation controlling portion 1 60 for controlling the 
number of revolution of the rotor 11 of the power gener- 
ator 1 0, a time-correcting portion 1 70 as a time correct- 
ing means for correcting the time displayed on the clock, 
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and a power supply 151 for supplying stable electric 
power to the rotation controlling portion 160 and the 
tirne-correcting portion 170. 

[0205] The rotation controlling portion 1 60 has a rota- 
tion detector 161 for detecting the number of revoJution 
of the rotor 11 of the power generator 1 0, an oscillating 
circuit 1 62 to be oscillated at a reference frequency for 
controlling the number of revolution of the rotor 11 , and 
a rotation controller 163 for outputting a predetermined 
operation signal to the rotation adjuster 115 to keep the 
constant number of revolution of the rotor 11 . 
[0206] The rotation detector 161 detects the number 
of revolution of the rotor 1 1 based on the alternating out- 
put voltage outputted by the power generator 10 and 
sends a frequency signal of the rotor 11 to the rotation 
controlling circuit 1 63. 

[0207] The oscillation circuit 161 is always oscillated 
by the quartz oscillator 1 64 at a constant frequency and 
sends a frequency signal to the rotation controller 163 
in accordance with the number of revolution of the rotor 
11 at which the power generator 10 generates power 
most efficiently. 

[0208] The rotation controller 1 63 compares the rota- 
tion signal from the rotation detector 1 61 and the oscil- 
lation circuit 1 61 to output an operation signal calculated 
based on the difference therebetween to the rotation ad- 
juster 115. 

[0209] The operation signal may be, for instance, a 
rectangular wave voltage signal having repeated alter- 
nating High and Low conditions. In order to lower the 
rotation speed of the rotor 11 of the power generator 1 0, 
the proportion of the High condition time relative to the 
Low condition time, in other words, the duty factor is in- 
creased to strengthen a braking force B of the electric 
magnetic brake. On the other hand, in order to speed 
up the rotation speed of the rotor 11 or the power gen- 
erator 10, the duty factor may be reduced, so that the 
braking force B of the electric magnetic brake is weak- 
ened. 

[0210] The time-correcting portion 170 has a time de- 
tector 171 for detecting displayed time of the clock, a 
receiver 172 for receiving a broadcast wave superpos- 
ing a time information, a standard time output circuit 1 73 
for acquiring the time information included in the wave 
received by the receiver 172, and a time correction cir- 
cuit 174 for outputting a correction signal for correcting 
the displayed time to the rotation controller 163. 
[0211] The time detector 171 receives a signal from 
the hour hand position detector 146 operated together 
with the hour hand 147 and a signal from the minute 
hand position detector 148 operated together with the 
minute hand 149, and sends a displayed time signal in- 
dicating the displayed time of the clock based on these 
signals to the time correction circuit 174. 
[0212] The receiver 172 demodulates the broadcast 
wave to remove carrier wave from the broadcast wave, 
and outputs a broadcast wave of a relatively low fre- 
quency to the standard time output circuit 1 73. Inciden- 



tally, the time information is superposed on the broad- 
cast wave outputted by the receiver 172. 
[0213] The standard time output circuit 1 73 acquires 
a standard time signal showing an accurate time from 
s the broadcast signal sent from the receiver 1 72 to send 
the standard time signal to the time correction circuit 
174. 

[0214] The time correction circuit 174 compares the 
display time signal from the time detector 171 and the 
10 standard time signal from the standard time signal out- 
put circuit 1 73. When the difference between the signals 
is larger than a predetermined value, the time correction 
circuit 174 outputs a deceleration signal or an acceler- 
ation signal as a correction signal to the rotation control- 
's Ier163. 

[0215] To be more specific, when the time indicated 
by the display time signal runs faster than the time indi- 
cated by the standard time signal; the time correction 
circuit 174 outputs a deceleration signal to the rotation 
20 controller 163. 

[021 6] The rotation controller 1 63 receiving the decel- 
eration signal increase the duty factor of the operation 
signal to the rotation adjuster 115 to lower the rotation 
number of the rotor 11 even when the rotor 11 is rotated 

25 at an appropriate rotation number. 

[0217] The deceleration signal is continuously output- 
ted until the absolute value of the difference between 
the display time signal and the standard time signal be- 
comes smaller than the predetermined value, so that the 

30 time can be corrected when the displayed time runs fast. 
[021 8] On the other hand, when the time indicated by 
the display time signal runs slower than the time indicat- 
ed by the standard time signal, the time correction circuit 
174 outputs an acceleration signal to the rotation con- 

35 troller 163. 

[0219] The rotation controller 163 receiving the accel- 
eration signal reduces the duty factor of the operation 
signal to the rotation adjuster 115 to increase the rota- 
tion number of the rotor 11 even when the rotor 11 is 

40 rotated at an appropriate rotation number. 

[0220] The acceleration signal is continuously output- 
ted until the absolute value of the difference between 
the display time signal and the standard time signal be- 
comes smaller than the predetermined value as in the 

45 deceleration signal, so that the time can be corrected 
when the displayed time runs slow. 
[0221] The same functions and effects as the fifth em- 
bodiment can be obtained in the present embodiment. 
Further, following effects can be additional obtained. 

so [0222] Since the indexes 147 and 149 are driven by 
the gear train 40 for transferring the drive energy to the 
power generator 1 0 so that the gear train 40 works both 
as the power transferring means and as the index drive 
means, a pulse motor etc. for driving the indexes 147 

55 and 149 is not independently provided, thus reducing 
the size of the whole device 100. 
[0223] Further, since the gear train 40 having a speed 
increasing ratio for driving the power generator 10 at a 
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rotation number with superior power-generating effi- 
ciency is used and the rotation speed is always kept by 
the drive speed controller 150, the rotation speed of the 
power generator 10 can be always kept at a rotation 
speed capable of efficient power generation and the me- 
chanical energy on account of volume change of the 
thermal converter 21 can be constantly efficiently con- 
verted into electric power even when the volume change 
of the thermal converter 21 is slow and the torque gen- 
erated by the main spring 31 differs on account of dif- 
ference in deformation, so that the size of the power 
generator 1 0 can be reduced against the same electric 
power demand. 

[0224] Further, since the time-correcting portion 170 
for correcting the displayed time is provided to eliminate 
need for time correction, the clock can function with little 
maintenance work, which is appropriately set at a place 
difficult for the maintenance work such as a high clock 
tower and a street corner with much traffic. 

[Modifications] 

[0225] Incidentally, a scope of the present invention 
is not restricted to the above-described embodiments, 
but includes following modifications. 
[0226] The time difference drive of the present inven- 
tion is not restricted to be an independent body, but may 
be provided as a power supply of a timepiece and light 
electrical appliance integrated with the timepiece and 
the light electrical appliance. 

[0227] For instance, the timepiece in which the tem- 
perature difference drive unit of the present invention 
can be installed as a power supply includes various 
clocks such as external clock mounted on a clock tower, 
a wall clock, a table clock and pocket watch, and timer 
device such as a time recorder, a stopwatch, and a kitch- 
en timer. 

[0228] The light electrical appliances into which the 
temperature difference drive unit of the present inven- 
tion can be installed include a portable light electrical 
appliance such as cellular phone, PUS, pager, electron- 
ic calculator, electronic notebook, PDA (small-sized in- 
formation terminal, "Personal Digital Assistant"), video 
camera, toys, IC cards, electronic machine for automo- 
bile and housing, small-sized music box, tester and dig- 
ital multimeter, and a relatively large light electrical ap- 
pliances such as externa] illuminating sign, large-sized 
music box, telemeter device and autographic recorder 
including a seismometer. 

[0229] For instance, as shown in Fig. 14, a music box 
for playing music can be constructed by providing a disk 
81 on the shaft of the second wheel and pinion 42, pro- 
viding multiple pins 82 on the surface of the disk 81 and 
vibrating comb-shaped fixed scale plate 83 by the pins 
82. 

[0230] A stopper 84 may be provided for starting/stop- 
ping the music box. 

[0231] The stopper 84 may have, for instance, an 



elastically deformablestop 85 and an operation member 
86 for operating the stop 85. A distal end of the stop 85 
engages to a pinion 11 A of the rotor 11 provided to the 
power generator 10 to stop the rotation of the rotor 11 . 
5 The operation member 86 elastically deforms the stop 
85 to release the engagement of the distal end of the 
stop 85 and the pinion 11A of the rotor 11. By handling 
the operation member 86, the music box can be started/ 
stopped. 

w [0232] Since the above-described portable electric 
device, timepiece and light electrical appliances are in- 
stalled with the temperature difference drive unit of the 
present invention, a dry battery and a secondary battery 
are not required as a power supply, thus eliminating the 

15 need for battery exchange and battery charge, so that 
environmental pollution caused by disposed dry batter- 
ies and secondary batteries can be reduced. 
[0233] Further, since the power-generation can be 
manually started in an emergency, preliminary work be- 

20 fore generating power, which is required in a power gen- 
erator having only the oscillating weight and the main 
spring can be made unnecessary, so that the light elec- 
trical appliances can be rapidly actuated in a disaster, 
an emergency and power failure. 

25 [0234] On the other hand, since the above-described 
non-portable timepieces and light electrical appliances 
are provided with the temperature difference drive unit 
of the present invention, no power cord for supplying 
electric power to the timepiece and the light electrical 

so appliance is necessary, thus eliminating the wiring work 
for external installation to facilitate installation work. 
[0235] Further, the externally-installed instruments 
such as the externally-installed clock, externally-in- 
stalled illuminating sign, the seismometer and the auto- 

3s graphic recorder have the temperature difference drive 
unit of the present invention and the electric power can 
be self-supplied, the externally-installed instruments 
can be easily provided on a remote place difficult to sup- 
ply the electric power from the outside. 

40 [0236] In the present invention, the phase change ma- 
terial is not restricted to the n-paraffin, but may be wax 
of different type such as micro wax and petrolatum. Or, 
alternatively, the phase change material is not limited to 
the wax but may be glycerin. In other words, any mate- 

45 rial can be used as long as the material has a melting 
point within an operating temperature range and chang- 
es volume thereof by the phase change between solid 
and liquid. 

[0237] In the present invention, the thermal converter 
so is not limited to be a mixture of a plurality of phase 

change material, but may be a simple substance of a 

single phase change material. 

[0238] Further, the thermal converter is not limited to 

a phase change material of which phase changes by 
55 temperature change, but may be a form change body 

such as bimetal and shape memory alloy of which form 

changes by the temperature change. 

[0239] For instance, a mechanical energy convert 
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means using the bimetal as a thermal converter may 
have a drive rod 92 advanceable relative to an end of a 
bimetal 91 with a base end thereof being fixed and a 
rack 28 A having sawtooth teeth pivotably provided to an 
end of the drive rod 92, as shown In Fig. 15. 
[0240] The tooth of the rack 28A engages with the 
tooth of the ratchet wheel 32 of the barrel gear 30. A 
tension spring 93 is connected to an end of the rack 28A 
for biasing the rack 28A so that the tooth of the rack 28A 
and the tooth of the ratchet wheel 32 mesh with each 
other in advancing the drive rod 92. 
[0241] The tension spring 93 has a biasing force suf- 
ficient for allowing inclination of the rack 28A in retract- 
ing the drive rod 92. Accordingly, the rack 28A is inclined 
leftward in the figure in retracting the drive rod 92 so that 
the mesh between the tooth of the rack 28A and the 
ratchet wheel 32 can be released. 
[0242] Accordingly, when the bimetal 91 is deformed 
on account of temperature change, the drive rod 92 ad- 
vances against the biasing force of the coil spring 94 to 
rotate the ratchet wheel 32 to wind the main spring 31 
in the barrel gear 30. On the other hand, when the bi- 
metal 91 returns to original form, the rack 28A inclines 
leftward in the figure without rotating the ratchet wheel 
32, so that the mesh between the tooth of the rack 28A 
and the tooth of the ratchet wheel 32 is released to re- 
tract the drive rod 92 to the original position thereof by 
the biasing force of the coil spring 94. 
[0243] In the present invention, the elastic body con- 
troller maybe omitted. In this case, the main spring 
should be always constantly coiled, and the elastic body 
release may be operated as necessary to release the 
main spring in order to generate electric power. At this 
time, in order to prevent the damage of the main spring, 
a frictional engagement portion may preferably be pro- 
vided to an end engaging with the barrel of the main 
spring, so that excessive torque is not applied to the 
completely wound mam spring. 
[0244] A secondary battery may be connected to the 
output of the power generator to charge the secondary 
battery. 

[0245] The elastic body of the mechanical energy ac- 
cumulator is not limited to the main spring but may be a 
spring of different shape such as a coil spring, a leaf 
spring or a torsion spring, or a different elastic material 
such as rubber. 

[0246] The mechanical energy accumulator is not lim- 
ited to those which accumulate the mechanical energy 
by the elastic deformation of the elastic body, but may 
be a gravity type, where a height level of an eccentric 
weight connected at a lower end of a linear member is 
raised, thereby accumulating the mechanical energy by 
converting into the position energy of the eccentric 
weight. 



Claims 

1. A temperature difference drive unit, comprising: 

5 a power generator driven by a mechanical en- 

ergy to generate an electric power; and 
a mechanical energy generator for generating 
the mechanical energy supplied to the power 
generator, the mechanical energy generator 

w having a thermal converter including a phase 

change material whose phase changes from 
one of solid and liquid to the other to change a 
volume thereof. 

15 2. The temperature difference drive unit according to 
Claim 1 , wherein the thermal converter is a mixture 
of a plurality of the phase change materials whose 
temperature for causing phase change differ, a mix- 
ture ratio of the phase change materials being ad- 

20 justed so that operating characteristics in accord- 
ance with using environment can be obtained. 

3. The temperature difference drive unit according to 
Claim 1 or 2, wherein an additive for adjusting a 

25 phase change temperature and/or temperature 
characteristics of the phase change material is 
mixed in the thermal converter. 

4. The temperature difference drive unit according to 
30 anyone of Claims 1 to 3, wherein the phase change 

material is wax. 

5. The temperature difference drive unit according to 
any one of Claims 1 to 4, wherein the mechanical 

35 energy generator has a case containing the thermal 
converter thereinside, the container having an ad- 
vanceable and retractable drive member driven by 
a volume change of the thermal converter. 

40 6. The temperature difference drive unit according to 
any one of Claims 1 to 5, wherein, in order to trans- 
fer the mechanical energy to the power generator, 
a gear train combining a plurality of gear wheels to 
transfer a drive force by the mechanical energy is 

45 provided. 

7. The temperature difference drive unit according to 
Claim 6, wherein the gear train is set at a speed 
increasing ratio for driving the power generator at a 

50 number of revolution with a good power-generating 
efficiency. 

8. The temperature difference drive unit according to 
any one of Claims 1 to 7, further comprising a me- 

55 chanical energy accumulator for accumulating the 
mechanical energy generated by the mechanical 
energy generator. 
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9. The temperature difference drive unit according to 
any one of Claims 1 to 8, wherein the electric power 
generated by the power generator is supplied to the 
outside, the temperature difference drive unit being 
a power-generating unit. 

10. The temperature difference drive unit according to 
Claim 9, further comprising: 

an elastic body as a mechanical energy accu- 
mulator for accumulating the mechanical ener- 
gy generated by the mechanical energy gener- 
ator, the elastic body being elastically delormed 
by a volume change of the thermal converter of 
the mechanical energy generator; and 
an elastic body controller for keeping a dis- 
placement of the elastic body caused by the 
mechanical energy generator until the dis- 
placement of the elastic body reaches a prede- 
termined value, and for releasing the displace- 
ment of the elastic body when the displacement 
of the elastic body exceeds the predetermined 
value. 

11. The temperature difference drive unit according to 
Claim 9 or 10, further comprising: 

an elastic body as a mechanical energy accu- 
mulator for accumulating the mechanical ener- 
gy generated by the mechanical energy gener- 
ator, the elastic body being elastically deformed 
by a volume change of the thermal converter of 
the mechanical energy generator; and 
an elastic body release for keeping a displace- 
ment of the elastic body caused by the mechan- 
ical energy generator, and for manually releas- 
ing the displacement of the elastic body. 

12. A temperature difference drive unit, comprising: 

a mechanical energy converter for converting 
a thermal energy obtained by change in ambi- 
ent temperature into a mechanical energy; 
a mechanical energy accumulator for accumu- 
lating the mechanical energy outputted by the 
mechanical energy converter; 
a rotor rotated by the mechanical energy; 
a power generator for generating an electric 
power by a rotary drive of the rotor; 
a transfer unit for transferring a drive force by 
the mechanical energy to the power generator; 
and 

a controller operated by the electric power from 
the power generator, the controller controlling 
a number of revolution of the rotor of the power 
generator to a predetermined number of revo- 
lution. 



13. The temperature difference drive unit according to 
Claim 1 2, the mechanical energy accumulator com- 
prising an eiastic body elastically deformed by the 
mechanical energy. 

5 

14. The temperature difference drive unit according to 
Claim 12 or 13, wherein the number of revolution is 
controlled to the predetermined number of revolu- 
tion by adjusting an electric current flowing to the 

10 controller to brake the rotor by an electric magnetic 
brake. 

15. The temperature difference drive unit according to 
Claim 14, wherein the transfer unit is a gear train 

15 combining a plurality of gear wheels, at least one of 
the gear wheel of the gear train being provided with 
an index for indicating time. 

16. The temperature difference drive unit according to 
20 Claim 15, wherein the index represents time, 

wherein the gear wheel provided with the index 
has a position detector for detecting rotation 
angular position thereol, and 
25 wherein a time corrector for receiving a stand- 

ard time wave superposing a time information 
and for correcting the rotation angular position 
of the index to correct the time represented by 
the index is provided. 

30 

17. An electric device, comprising: 

a mechanical energy converter for converting 
a thermal energy obtained by change in ambi- 

35 ent temperature into a mechanical energy; 

a mechanical energy accumulator for accumu- 
lating the mechanical energy outputted by the 
mechanical energy converter; 
a rotor rotated by the mechanical energy; 

40 a power generator for generating an electric 

power by a rotary drive of the rotor; 
a transfer unit for transferring a drive force by 
the mechanical energy to the power generator; 
a controller operated by the electric power from 

45 the power generator, the controller controlling 

a number of revolution of the rotor of the power 
generator to a predetermined number of revo- 
lution; and 

a time display rotatably driven by the mechan- 
ic ical energy together with the power generator, 
a number of revolution of the controller being 
adjusted by the controller. 

18. A timepiece, comprising: 

55 

a mechanical energy generator for generating 
a mechanical energy by a change in ambient 
temperature, the mechanical energy generator 



17 



33 



EP 1 136 698 A1 



having a thermal converter including a phase 
change material whose phase changes from 
one of solid and liquid to the other to change a 
volume thereof; and 

a power generator driven by the mechanical en- 5 
ergy generated by the mechanical energy gen- 
erator to generate an electric power, the time- 
piece being driven by the electric power gener- 
ated by the power generator. 

10 

19. A light electrical appliance, comprising: 

a mechanical energy generator for generating 
a mechanical energy by a change in ambient 
temperature, the mechanical energy generator *s 
having a thermal converter including a phase 
change material whose phase changes from 
one of solid and liquid to the other to change a 
volume thereof; and 

a power generator driven by the mechanical en- 20 
ergy generated by the mechanical energy gen- 
erator to generate an electric power, the light 
electrical appliance being driven by the electric 
power generated by the power generator. 

25 
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